A robust relationship between subjective well-being and mortality has been established in the literature, but few studies address how subjective well-being interacts with the impact of concrete diseases on survival. In addition, issues of endogeneity between bad health and subjective well-being are ignored when it comes to survival. We assess both for the British Household Panel Survey (BHPS; 1991 and specifically analyze whether subjective well-being predicts better chances of surviving diseases such as cancer or heart conditions. We find that several of the studied diseases consistently decrease survival chances in our sample (e.g. hazard ratio 3.47 for cancer), also when controlling for the severity of health problems. But our results do not suggest that well-being mitigates the effect these diseases have on mortality. Life satisfaction also does not predict longer survival in the data set if we control for the endogeneity of subjective well-being.
Introduction
Happy people are more successful in life. The most straightforward explanation for this fact is that positive life events such as health improvements, social activities, income raises and job success make people happy. However, a growing body of research shows that happiness itself can increase individuals' success in life (e.g., Lyubomirsky et al., 2005; Binder, 2014) . Increases in well-being have been shown for instance to be associated with subsequent improvements in health, income, employment success and a higher chance of getting married (Binder and Coad, 2010; Binder and Ward, 2013) . Social and job success of happier individuals is not surprising insofar as these individuals seem more attractive and likable to others, in turn leading to larger networks of friends. If happy people are then perceived as being more outgoing and friendlier by their employers, they may more easily qualify for promotions. Similarly, a happy disposition plausibly helps individuals in service jobs to be perceived as more helpful and competent, thus increasing their job success (Graham et al., 2004) .
The above findings also extend to the health domain, where happiness is conducive to a person's health in various ways (Veenhoven, 2008) : happy people rate themselves as healthier, an effect that cannot be solely attributed to personality traits that influence self-assessments for both well-being and health. There is also evidence that happy individuals have better immune systems (Cohen et al., 2003) and lower levels of hypertension (Blanchflower and Oswald, 2008) , and that they deal better with stress (Zorrilla et al., 2001) . Finally, prior research has uncovered substantial evidence that associates happiness with longevity (Howell et al., 2007; Chida and Steptoe, 2008; Veenhoven, 2008; Diener and Chan, 2011; Frey, 2011) .
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In the present paper we focus on this latter relationship between happiness and longevity. Whether happy people live longer has been given increasing research attention in the past years (for overviews see Howell et al., 2007; Chida and Steptoe, 2008) , stimulated by the famous "nun study" that has shown that optimistic and cheerful young nuns tended to outlive their gloomier peers (Danner et al., 2001) . A recent meta-analysis finds that this happiness differential in longevity amounts to a 14% increased probability of living longer (Howell et al., 2007) . Another meta-study finds that happy individuals live between 7.5 and 10 years longer (Veenhoven, 2008) .
While numerous studies have focused on the relationship between subjective well-being and longevity, few have tried to further unpack this relationship. Does happiness increase longevity only for healthy individuals, thus acting as a protective factor against sickness, or can happiness also "buffer" the impact of (severe) health problems? The answer to this question is especially relevant to assess claims from positive psychology that cultivating a cheerful attitude will help individuals to lead longer lives. The focus of the present study is thus to shed light on possible limits of the happiness-longevity relationship. 1 We conduct a survival analysis for individuals in the British Household Panel Survey (BHPS) data set from 1996 to 2008, using reports on respondents' substantive health problems (such as heart problems, cancer, anxieties, or migraines) to analyze whether happiness predicts a reduced impact of the respective health impairments. Our contribution to the literature is fourfold: First, we focus on the interaction of happiness with individual substantive health problems instead of looking at average survival rates. Is higher well-being conducive to survival only in healthy populations, or does this also hold for individuals suffering from specific illnesses? Second, we pay attention not only to the presence of health problems, but also to their severity, something not yet addressed in the literature so far to our knowledge, but important to gauge potential heterogeneities in the benefits of higher SWB for survival. Third, we take into account potential issues of reverse causation, i.e. bad health lowering well-being as well as survival, by examining lagged effects of subjective well-being on mortality. 2 Fourth, we use a large-scale panel data set (built initially to be representative of the UK population) instead of a smaller data set of a specific subpopulation (such as the elderly or the sick). We hence expect improved external validity of our results compared to some more specific prior studies, which have often been conducted in clinical contexts.
Our results cast doubt on overly exuberant claims as to the positive mortality benefits of subjective well-being (adding to concerns expressed by Liu et al., 2015, and Wiest et al., 2011) : while happiness generally predicts longer survival in the data set, and cancer, chest pains and diabetes consistently decrease survival even when controlling for severity of health problems, there are nearly no significant associations between subjective well-being and how individual health problems affect survival (irrespective of models and controlling for severity), a view consistent with the pattern of evidence described in Veenhoven (2008) . More specifically, once we control for reverse causality by using lagged well-being variables, even the initially positive association between well-being and survival for healthy populations is no longer observed in our study. This suggests that researchers should more systematically pay attention to the endogeneity issue in future studies on the topic.
Our paper is structured in the following way. We begin by outlining the pertinent literature background for our study (Section 2). We then present our analysis in Section 3 by shortly describing our data set and variable selection, discussing our results and conducting a number of sensitivity analyses. We conclude and provide an outlook on further research in Section 4.
Literature background
Subjective well-being (SWB) is influenced by a number of factors and health is an important one of these factors (Graham, 2009; Layard et al., 2012) . 3 The association between subjective well-being and health is well-researched and strong, with numerous studies showing that healthier individuals tend to be happier (Ljunge, 2016; Carrieri and Paola, 2012; Graham, 2008; Easterlin, 2003; Dolan and Kahneman, 2008; . Most studies analyze the relationship between individuals' subjective health ratings and subjective well-being (Easterlin, 2003; or the impact of disability on subjective well-being (Brickman et al., 1978; Oswald and Powdthavee, 2008) . Mostly for lack of more detailed data on objective health impairments, there are very few studies that extend the analysis to more detailed health conditions (see Shields and Wheatley Price, 2005; Graham et al., 2011; Dolan et al., 2011; Binder and Coad, 2013) . But causality in this domain runs both ways. In this paper, we are interested in the reverse direction of causality. The literature here has established that happiness is conducive to various dimensions of health (Veenhoven, 2008; Diener and Chan, 2011; Frey, 2011) : happy people rate themselves as healthier, tend to have stronger immune systems (Cohen et al., 2003) and lower levels of hypertension (Blanchflower and Oswald, 2008) , and are better able to deal with stress (Zorrilla et al., 2001) . Prior evidence also associates happiness with longevity (Howell et al., 2007; Chida and Steptoe, 2008; Veenhoven, 2008; Diener and Chan, 2011; Frey, 2011) . 4 On this relationship, numerous studies provide evidence from different populations and with different measures of well-being: depression and negative affect have been shown to increase all-cause mortality (Russ et al., 2012 , with a one SD worsening in the GHQ-12 score resulting in a 21% increase in mortality), and depression also negatively impacts the immune system (Zorrilla et al., 2001; Smith et al., 2004) . Separately from negative affect, positive affect has a positive impact on individual health (Steptoe and Wardle, 2005; Dockray et al., 2010) and mortality (Steptoe and Wardle, 2011) . Favorable health outcomes 1 We borrow our title from the eponymous book "Smile or Die", in which Barbara
Ehrenreich criticizes positive psychology for overselling the benefits of positive affect/life satisfaction, somewhat sarcastically suggesting that regular smiling to yourself in the mirror will probably not cure you from whatever ill has befallen you (Ehrenreich, 2009) . 2 Binder and Coad (2013) have shown for the data set used in our study that the onset of various specific ailments has strong negative SWB effects in subsequent years, which provides support to our contention that contemporaneous well-being is a bad predictor for survival.
3 For more extensive surveys over recent advances in subjective well-being research, see Layard et al. (2012); Frey and Stutzer (2002b) ; ; Clark et al. (2008) . SWB serves as umbrella term for different well-being measures such as life satisfaction, positive or negative affect, mental well-being and so on (Ryff and Keyes, 1995; Easterlin, 2002; Frey and Stutzer, 2002a; Diener and Seligman, 2004) . SWB measures have been proven to be valid and reliable Helliwell and Wang, 2012; Layard et al., 2010) : they correlate in the expected directions with objective factors, inter alia emotional expressions like smiling (Fernandez-Dols and Ruiz-Belda, 1995) , biomarkers such as hypertension (Blanchflower and Oswald, 2008) and also overt behavior (Kahneman et al., 1993; Shiv and Huber, 2000) , the most extreme of which is suicide (Helliwell, 2006) . Individuals are able to compare and assess other individuals' happiness, for example when individuals' self-reports are correlated with reports of friends and family (Sandvik et al., 1993; . Test-retest reliability of subjective well-being lies between 0.5 and 0.7 (over two weeks, both for cognitive and affective measures, see Krueger and Schkade, 2008) . 4 And obviously, there is a large literature on examining the effects of better health on longevity, see for example Kinge and Morris (2014) .
of positive affect include lower rates of salivary cortisol, reduced fibrinogen stress responses and lower ambulatory heart rates (Steptoe and Wardle, 2005) . As regards mortality, hazard rates for high positive affect groups are lower than those for low positive affect groups even when adjusting for a number of important covariates such as age, sex, socio-demographic status etc. (Steptoe and Wardle, 2011) . This relationship is also present for more cognitive-centered well-being constructs such as life satisfaction. It has been shown in various populations (Wiest et al., 2011; Koivumaa-Honkanen et al., 2000; Xu and Roberts, 2010; Guven and Saloumidis, 2013) . Meta-analyses confirm the effect of positive well-being on mortality (Howell et al., 2007; Chida and Steptoe, 2008; Veenhoven, 2008) , for instance estimating hazard ratios of 0.82 in healthy and 0.98 in disease populations (Chida and Steptoe, 2008) .
5 Veenhoven (2008, p. 455) finds that happy individuals live between 7.5 and 10 years longer in the studies he examined (these refer to initially healthy populations, so that the author concludes that evidence is consistent with preventive effects of well-being, but not curative effects for already ill populations). The beneficial effects of well-being on mortality have also been shown in OrangUtans (Weiss et al., 2011) pointing to a biological explanation of this relationship.
To explain why psychological well-being increases one's odds of survival, two competing but probably not mutually exclusive models exist (Pressman and Cohen, 2005) : the "direct effects model" suggests that "positive affect may directly affect health practices, decrease autonomic nervous system activity, regulate the release of stress hormones, influence the opioid system and immune responses, and affect social networks; these, in turn, impact health and disease outcomes" (Howell et al., 2007, p. 90) . In line with this, Steptoe and Wardle (2005) suggest direct pathways between the neuroendocrine, autonomic, and immune systems (central nervous and immune system are anatomically and functionally directly linked) so that positive affect leads to reductions in baseline activation levels of these systems. But also better health as a result of less destructive behaviours (see also, e.g., Veenhoven, 2008) , such as drug abuse or risk-taking as a result of unhappiness, would fall within this explanatory model. The alternative "stress-buffering model" of subjective well-being (Pressman and Cohen, 2005) suggests that negative effects of stress are mediated and ameliorated through positive affect by improving coping and resilience of the individual. The latter model is compatible with explanations brought forward in psychology, where well-being is argued to broaden and strengthen one's personal and social resources (Cohn et al., 2009; Tugade et al., 2004) .
This wealth of prior evidence notwithstanding, a number of questions remain to be answered. Extant studies differ in how well they can control for baseline health, in the time horizon of the analysis, and the representativeness of their sample. Often small subgroups such as local communities or the elderlyarestudied instead ofgivinga picture of the broader populace. Moreover, reverse causality, i.e. bad health decreasing subjective well-being, can lead survival studies to mistakenly find a relationship between unhappiness and mortality, whereas in reality conditions of bad health led to low well-being and ultimately death, and not vice versa (this negative influencefromillnesstoSWBhas been found specifically also for our data set and the substantive health conditions we focus on, see Binder and Coad, 2013 , thus necessitating an approach that tries to deal with such reverse causation).
Against this backdrop, the main objective of the subsequent analysis is to unpack the "baseline" impact of SWB on longevity in terms of how it conditions the impact of various specific health impairments (via the interaction between happiness and these health impairments) for a large household panel data set for the UK, paying specific attention to endogeneity by using lagged wellbeing variables. While recent studies have started paying closer attention to controlling for health at baseline (Liu et al., 2015; Wiest et al., 2011) , neither the concerns of endogeneity nor the interaction of well-being with concrete health impairments have been analyzed to our knowledge so far.
Survival analysis

Data
The British Household Panel Survey (BHPS) is a large-scale longitudinal panel survey of British households, comprising about 10,000 individual interviews at the start and growing over time. It contains a wealth of information on respondents' lives, most importantly for our purposes a number of health impairments that respondents' might suffer from.
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For the subsequent analysis, we use unbalanced panel data over a time horizon of 12 years (from 1996 to 2008). We had to exclude waves that did not feature life satisfaction questions as well as one wave in which the subjective health assessment was coded differently from the other waves. This leaves us with 223,481 observations, but less for most models. Table 1 provides a summary of our variables. Our main variables of interest for the survival analysis are life satisfaction and twelve objective health problems. The exit condition for the survival analysis is death, meaning that we focus on the subsample of individuals for whom survey reporters could actually ascertain that their attrition from the sample was due to having passed away as opposed to infirmity, refusal or other, sometimes unknown, causes of non-response. Focusing on these cases implies a literal interpretation of "survival" in our analysis. In total 4.4% of all subjects in our sample die during the sample horizon.
The life satisfaction question employed in the BHPS records an individual's answer to the question "How dissatisfied or satisfied are you with your life overall?". The question is answered on a seven-point ordinal scale with (1) denoting "not satisfied at all" and (7) denoting "completely satisfied". Individuals can report health impairments that belong to twelve different categories. They respond to the question "Do you have any of the health problems or disabilities listed on this card?" The categories listed are "Problems or disability connected with: arms, legs, hands, feet, back, or neck (including arthritis and rheumatism)", "Difficulty in seeing (other than needing glasses to read normal size print)", "Difficulty in hearing", "Skin conditions/allergies", "Chest/breathing problems, asthma, bronchitis", "Heart/blood pressure or blood circulation problems", "Stomach/liver/kidneys", "Diabetes", "Anxiety, depression or bad nerves, psychiatric problems", "Alcohol or drug related problems", "Epilepsy", "Migraine or frequent headaches", "Cancer", "Stroke", and "Other health problems". Respondents only provide a binary "yes" or "no" answer, but not the degree or other specifics of the condition.
To control for baseline health and other confounding factors, we use a subjective measure (self-reported subjective assessment of 5 Despite considerable heterogeneity between studies and the existence of publication bias, Chida and Steptoe (2008) conclude that the effect of positive psychological functioning on mortality is robust and significant, at least for initially healthy populations. 6 The survey is undertaken by the ESRC UK Longitudinal Studies Centre with the Institute for Social and Economic Research at the University of Essex, UK (BHPS, 2010) . Its aim is to track social and economic change in a representative sample of the British population (see Taylor, 2010) . Starting in 1991, up to now, there have been 18 waves of data collected with the aim of tracking the individuals of the first wave over time (in general, attrition is quite low, see Taylor, 2010 ).
health; below denoted as SAH) as well as several objective health indicators. Individual subjectively assessed health during the last twelve months prior to interview is ordinally scaled on a five-point Likert scale, which we have reverse-coded to range from "excellent" (5) to "very poor" (1). Objective health variables include the number of days spent in hospital, visits to a general practitioner, serious accidents and number of cigarettes smoked, as well as a dummy variable for disability (see Table 1 ).
7 Finally, we also make use of information on whether an individual's health status limits their daily activities. This information, which combines subjective and objective elements, is reflected in the variable HLLT. It is based on the survey item "Does your health in any way limit your daily activities compared to most people of your age?", to which subjects can respond with "yes"/"no". Additional controls (see Table 1 ) include socio-economic and demographic variables such as log net equivalised annual household income (in British Pound Sterling, before housing costs and deflated to price level of 2008), as provided and detailed by Levy and Jenkins (2008) , 8 gender, age, age 2 , marital status dummies (e.g., never married, separated, divorced or widowed), and number of children. Of our sample, 54% were female (the gender variable is one if female, zero if male) and 45 years old on average. Employment status is reported in a number of categories (being unemployed, self-employed, retired, longterm sick, on maternity leave, studying or being in school, caring for family members as well as "other" conditions not captured), with being employed as the omitted reference group. Education is measured by the ordinal CASMIN scale ranging from one ("none") to nine ("higher tertiary"), but we have collapsed these into primary, secondary and tertiary education dummies. For some of our sensitivity analyses, we also use a short inventory of Big Five personality trait variables that have been asked in the BHPS in one year (McCrae and Costa, 2003; Gosling et al., 2003) . Table A2 in Appendix A reports pairwise correlations between the variables of interest: most of our indicators are significantly correlated, but there are no problems of multicollinearity. We also present more detailed descriptive statistics in Table A1 in Appendix A.
Analysis: conceptual replication of earlier studies
We use hazard rate models to trace the relationship between subjective well-being, objective health problems and survival in our data set on British individuals. Our main approach is to estimate Cox regressions, which are conventionally adopted in this type of analysis. We also employ alternative hazard rate models, including discrete-time models, to address potential concerns about assumptions of the Cox proportional hazard model that might bias our results. Note, however, that the Cox model is usually quite robust to the violation of the assumption of time-continuous survival processes. We report heteroskedasticity-robust standard errors and cluster these on the individual level in all models.
Our first set of estimates conceptually replicates the typical design of prior studies seeking to model subjective well-being and its influence on mortality (Table 2) . We estimate a set of nested models to which we successively add covariates that the prior literature has found to be relevant. We start with a bare-bones model of the survival process including only covariates for age and gender (column 1). Age is negatively related to survival (hazard ratio (HR) of 1.07, i.e. 7% higher hazard of death for each year of 7 Hospital days are given as (log) days (log days+1 as log 0 is undefined). Visits to the general practitioner are coded on a 5 point ordinal scale (from "none" to "more than ten") and number of serious accidents is quasi-cardinal with values from 0 to 4 giving the number of serious accidents, but the number of four also being used for coding cases with more than four serious accidents in this year. In all cases, higher values indicate worse health.
8 As equivalence scales, we have used the widely-accepted McClements scale (McClements, 1977) . females have 33% lower hazard of death). Column 2 adds measures of education and (log) household income, both of which are positively related to survival. Columns 3-5 add further health variables to our model. The first one is subjectively assessed health (SAH); it is positively related to survival and its coefficient is much larger than any of the previous factors (HR 0.516, i.e. a one-unit change in SAH is associated with a reduction in the hazard of dying of almost 50%). Note also that when SAH is included in the model, the measures of education are no longer significant. The same holds in all subsequent models that include both variables, suggesting that education does not have a direct effect on mortality, but rather exerts a positive influence on health behaviors that lead to better health outcomes and their subjective evaluation.
Considering that personality factors may drive one's health assessment, SAH is not without problems as a measure of individual health status (Johnston et al., 2009; Jylha, 2009; Au and Johnston, 2014) . It is conceivable that optimistic individuals rate themselves as quite healthy despite of objectively bad health (see Tables 3 and 4) . Subjective health assessments could also be interpreted as a measure of health satisfaction and/or the severity of an objective health condition: having an illness and yet rating oneself as being in very good health could either be a sign of optimism or of having a rather mild form of illness. To deal with this issue, we exploit further information about individuals' health status, in particular the twelve categories of specific health problems mentioned above. In the sensitivity section, we will also estimate a model including personality trait variables, but this considerably reduces the number of observed deaths in our sample.
We begin by constructing an indicator variable "no health problems", which is 1 if an individual checked none of the twelve health impairment categories. We consider this our first "objective" health status variable, as it is less prone to distortions than self-assessed health. (Even though it is also self-assessed, it does not rely on a subjective assessment of one's overall health, but rather asks for whether one has a specific illness or ailment.) Adding this variable to our model (column 4) leads to similar results as with the SAH variable. Having no health problems is strongly associated with longevity in our sample (HR of 0.375; i.e., 62% lower hazard of dying for individuals with none of the twelve listed problems). When both the no health problem and SAH variables are included in the model (column 5), both remain statistically significant predictors of survival, but the objective health variable attenuates strongly, whereas SAH is still of the same magnitude as without the objective health variable. This suggests that SAH mostly captures the individual's attitude towards their health and not the objective presence of certain health conditions. The coefficient of SAH is twice as large as that of the objective condition (comparing a one-unit change in SAH, e.g. going from good to average health, to a change in going from no health problems to health problems). Fig. 1 shows the raw survival rates conditional on both variables using Kaplan-Meier plots. Compared to the good health base categories, having health problems or assessing one's health as poor or very poor both decrease survival.
We now turn to subjective well-being and add our life satisfaction variable to the model (columns 6-8). In this conceptual replication part, we follow the prior literature and use contemporaneous life satisfaction. Irrespective of whether SAH or the objective health variable are used to capture individuals' health status, the life satisfaction variable is significantly associated to survival (with hazard ratios of 0.906 and 0.779 respectively). Its implied effect is smaller when using the SAH variable (9% vs. 22% lower hazard of dying). To the extent that SAH reflects the severity of one's health problems (with less severe health impairments leading to higher SAH ratings), the smaller effect on survival of life satisfaction suggested by our results may be considered a conservative estimate of the positive effect that life satisfaction in general and not related to one's health satisfaction may have. Put differently: since the objective health problem variable does not account for the severity of health problems, part of the larger implied effect of life satisfaction could be due to picking up cases of light illness in which individuals are happier due to better health, something that is controlled for using the SAH variable. When using both the objective and the subjective health variable (column 8), the implied effect of life satisfaction remains similar in magnitude to the model specification using SAH only.
We next add a set of further objective health variables (column 9) as well as additional variables of job and family status (column 10). Among them, especially (log) days spent in hospital (HR 1.256), being registered as disabled (HR 1.456) and smoking cigarettes (measured in packs of 20 cigarettes per day, HR 1.841) are associated with significantly reduced survival, but also being longterm sick (as an employment status, HR 1.758) or unemployed (HR 1.993). Being retired (HR 1.615) or caring for family (HR 1.710) also predict shorter survival. Being married, on the other hand, is 9 All models also contain a squared age term, which has never been statistically significant, so we do not report it in the tables to follow. associated with longer survival (HR 0.728). These findings are similar to those obtained in other studies, where for example smoking is reliably found to increase mortality, and socioeconomic status has a positive impact on survival (Chida and Steptoe, 2008) . Higher life satisfaction is associated with a significantly lower hazard in these models. Before turning to an analysis of survival with regard to specific health impairments and the stability of the estimates with regard to endogeneity, it is instructive to see whether the association of contemporaneous life satisfaction with survival is uniform or driven by the extremes in the life satisfaction distribution. To do so, the literature often reduces ordinal life satisfaction measures to binary measures denot ing high, medium or low well-being, respectively. We follow this approach and collapse high life satisfaction values (values of 6 and 7 on our 7-pt-scale) into the dummy variable "high SWB" and the lower three values into a dummy "low SWB". Intermediate values are our base category (column 11). While hazard ratios go in the expected directions (HR 0.879 for high SWB and HR 1.242 for low SWB), only the lower SWB dummy variable has a statistically significant association with survival. Examining the Kaplan-Meier plots for these dummies and the original life satisfaction variable with seven categories (see Fig. 2 ), we see that raw survival strongly differs only between low vs. medium/high values of life satisfaction, whereas subjects with medium and high values in life satisfaction do not differ strongly in their odds of survival. 
Substantive health impairments and lagged life satisfaction estimates
So far, our results confirm existing research in that they suggest a positive impact of life satisfaction on survival. To better understand the extent and nature of the well-being effect on survival, we now explore the interplay of subjective well-being with substantive health problems such as having cancer, a stroke, migraines etc. in predicting survival. To do so we estimate a set of Cox models in which we interact the SWB variable with indicator variables denoting the presence of specific health problems. In these models, we also account for the potential endogeneity of Fig. 1 . Kaplan-Meier plots with survival for different levels of subjectively assessed health (left) and objective no health problem variable (right). Having health problems or assessing one's health as worse than good decrease survival as compared to the health base categories. Fig. 2 . Kaplan-Meier plots with survival for different levels of subjective well-being. Low levels of life satisfaction decrease the odds of survival, whereas the differences between high and medium life satisfaction are small and statistically indistinguishable. 10 A similar model with SAH coded as dummy variables shows that the extreme categories ("excellent" and "very poor") have more than twice as high coefficients than their moderate counterparts ("very good" and "poor"). All four dummy variables are statistically significant, with poor health decreasing survival and good health increasing it. We do not further explore these non-linearities. An interaction term between life satisfaction and SAH is statistically not significant. We also find no statistically significant non-linear effect for life satisfaction, e.g. by putting in a squared term. Results available on request.
SWB. As poor health tends to reduce well-being (for the same data set: see Binder and Coad, 2013) , the association between lower well-being and survival might be driven by simultaneity bias: whereas the onset of an illness decreases both well-being and survival (if severe enough), this negative effect of illness on survival may be attributed to lower well-being due to insufficient control.
We first estimate a Cox model to analyze how these conditions relate to survival while controlling for lagged SWB (Table 5 , columns 3-5; columns 1-2 reproduce the baseline model from the previous section first with contemporaneous, but then with lagged SWB). 11 We then estimate another set of models in which we interact the SWB variable with the specific health problems (Table 5 , columns 6-8). In a set of alternative model specifications, we then present interaction terms for specific combinations of severity of health impairments and levels of lagged subjective well-being (Table 7) . A first result from these models is that only some of the substantive health problems are significantly associated to survival in our sample. Chest problems, stomach problems, diabetes, stroke and cancer significantly decrease survival in the sample, whereas surprisingly migraines have the opposite effect. These results are robust to including SAH or the 'no health problems' variable into the models. What is striking with regard to life satisfaction is that any association between lagged life satisfaction and survival disappears once we control for either SAH or include the 'no health problems' dummy. These findings cast doubt on previous studies that do not use lagged well-being variables. They suggest that the contribution of life satisfaction on survival so far has been overestimated in the literature.
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However, even if the contribution of life satisfaction to survival seems less robust than generally believed, it could still moderate survival regarding specific health conditions, a conjecture that has not been explored in the prior literature. Looking at the interaction terms between different health problems and life satisfaction (columns 6-8), we only find significant interactions for cancer (and significant interaction terms without main effects for migraine). Again, the interactions with cancer disappear once we control for SAH. Life satisfaction does not seem to affect the impact of most of the health problems analyzed and this picture consistently emerges even when using contemporaneous life satisfaction (see Table A3 in Appendix A). This suggests that if there is any beneficial impact of life satisfaction on survival, it may at best be protective more than curative.
To avoid the complexity of interpreting interaction effects in nonlinear models (Ai and Norton, 2003) , we alternatively code life satisfaction in high/medium/low dummy form, interact these dummies with the health problem dummies with medium life satisfaction as reference group, and focus on the hazard ratios (Buis, 2010) . For all interacted models, Wald tests reject the null hypothesis of no joint explanatory power for the full interaction specifications (Table 6 ). However, only a single one of the 24 SWB level-health problem subgroups thus formed is significantly different from the medium-SWB reference group in their survival chances. Accordingly, neither high nor low life satisfaction appear to condition the survival impact of our assorted health problems beyond the general ceteris paribus effect. In addition, differences between the high-and low-SWB groups are generally small; they do not suggest that lower mortality is generally associated with higher levels of subjective well-being. 13 The only significant interaction we find here, again, is between high lagged subjective well-being and cancer (but with main effects of SWB insignificant). While our data set offers a rich variety of control variables and has the benefit of not priming individuals towards the purpose of the survey as small-scale surveys of sick populations in hospitals might do, arguably our information on health problems is coarse and provides no indication of how severe the health problem is. One could thus speculate that whatever effect life satisfaction might have on survival in the diseased subsample might by obscured because light and severe problems are lumped together. To address this concern, we use additional health information that is present in the data. We use three different approaches. First, we approximate the severity of one's health impairment by using the HLLT variable providing information on whether an individual's health status limits daily activities. Second, we alternatively use the (log) number of days (+1) an individual has spent in hospital to proxy for the severity of one's health condition, interacting the measure with the conditions via dummies. Third we interpret SAH as a subjective assessment of how severe one's health problem is. The underlying rationale is that if an individual has a certain health impairment and simultaneously rates their health as, for example, "poor" this could (imperfectly) allow us to infer that the impairment is severe. For each of the three measures of severity of illness combined with the different illness conditions we create dummies, i.e. severe arm problems/light arm problems and interact them with high and low subjective well-being dummies.
14 Results are presented in Table 7 . Again, we find that in most cases there is no significant interaction between subjective wellbeing measured as (lagged) life satisfaction and our set of health problems. This holds irrespective of the severity of the problem, and irrespective of how we proxy for it. Only chest pains, diabetes and cancer are associated with decreased survival consistently across all models, while the few significant interactions between health problems and subjective well-being are highly modelspecific and not consistent across different model specifications. Given the large number of regressions, finding only a few significant interaction terms should not be considered reliable evidence for an effect. After all, one out of 20 regression coefficients will turn out statistically significant at the 5% level due to chance alone.
Taking the overall picture into account, it therefore seems fair to say that, at least for our sample of the British populace, a systematic "buffering" effect of life satisfaction on surviving one of the analyzed health problems cannot be shown. We further conclude that the evidence of a generally positive survival effect of well-being is not robust to controlling for reverse causality between bad health and well-being. With these findings, we add to a growing stream of literature (e.g., Liu et al., 2015, and Wiest et al., 2011 ) that casts some doubts on earlier studies, which often did not control sufficiently for baseline health and potential effects of reverse causality, where bad health causes low wellbeing and higher mortality.
11 Note that the coefficients for stroke and cancer are added to the table from a different model with smaller sample size to conserve space. 12 We also estimated a model using average lagged life satisfaction from the previous three years, motivated by the objective to smoothen out short-term shocks to life satisfaction. Results were similar to those of the one-year lag specification.
13 Models using just a (lagged) low/medium SWB dummy (being coded as one when life satisfaction is lower than five) lead to qualitatively similar results. 14 We consider an ailment severe if the person suffers from it and states their health limits daily activities (HLLT), or alternatively SAH is poor or very poor, or alternatively if number of hospital days exceeds four (this is arbitrary but one of a number of tests for severity). We consider an ailment light if the illness condition is present, but it does not limit daily activities, SAH is average or better or the number of days spent in hospital is four or less. Table 7 Sickness conditions and interactions with (lagged) life satisfaction, where life satisfaction is coded as dummy (1,2,3 = low, 6, 7 = high and base category of medium life satisfaction (i.e. value 4-5 from the original scale)). Some interaction terms omitted due to low cell numbers. z statistics in parentheses. Hazard ratios. SEV = severe condition, LIT = light condition.
(1) HLLT (2) 
Sensitivity
To assess whether our results may be artifacts of model choice, we re-estimated the above models to account for a number of features of our data set. One of these is the discrete number of time points, which deviates from the assumption of a continuoustime process underlying the Cox model. Results from estimating a cloglog specification (see Table A4 in Appendix A), however, are similar to the Cox model. 15 In addition, Schoenfeld residuals do not suggest that the proportionality assumption of the Cox model is violated, which is in line with the graphical representation of the hazards in the Kaplan-Meier graphs shown above. We also reestimated our models using the GHQ-12 measure of psychological well-being instead of life satisfaction. Results of these models are similar to those reported above in that we find scant significant interaction effects (results provided on request). To further explore the validity of our findings, we estimated models that also include Big Five personality trait variables and could thus account for differences in personality and response style (McCrae and Costa, 2003) . We use a short inventory that has been shown to have useful psychometric properties (Gosling et al., 2003) , but we are essentially forced to assume that personality is fixed over the sample horizon, as personality trait questions were only asked once during the sample period (in 2005) . There is some evidence that this is not too much of an abstraction (Costa and McCrae, 1994; Hampson and Goldberg, 2006 ) and personality traits have been shown to be relevant in our context: for instance, Okun and George (1984) have shown that the association between self-reported health assessments and subjective well-being is reduced when controlling for 15 One could also consider using a parametric specification instead of the semiparametric Cox regression that leaves the functional form of the unobserved baseline hazard unspecified. Theory suggests that a survival process using mortality data could best be modeled assuming Gompertz-distributed baseline hazards (Cleves et al., 2010, p. 267) and this is borne out using a specification test, where the AIC comes out in favor of Gompertz over Weibull and exponential distributions. Reestimating our models in such a parametric fashion leads to very similar results to those of the Cox model. We omit these results here to conserve space. 16 We have also taken up the suggestion of a reviewer to control for ethnicity and hence increase the external validity of our results, but an ethnicity dummy was not statistically significant in any of the models. To be fair, most of our sample simply consists of white British individuals (97%), something that limits our study but cannot be addressed here any further. neuroticism. Indeed, when we include the five personality trait variables, even contemporaneous life satisfaction is no longer associated with survival in most of our main models (results available on request). However, due to the restricted sampling date of the personality trait variables, the number of failures (deaths) decreases from 800 to around 200. 16 Of the five personality trait variables, only neuroticism is significantly associated with survival in those models, and higher neuroticism predicts higher survival (hazard ratio 0.955 in the baseline model). While we had no theoretical priors for these personality traits, a speculative post hoc explanation for our finding could be that neurotic people more regularly see their doctors and hence get earlier and more regular treatment for any appearing health impairments. Neurotic individuals might also exhibit less riskseeking behaviors that could endanger their health.
Conclusion
Subjective well-being has been shown to interact with health in various ways. Bad health impairs subjective well-being, no matter whether it is measured through subjective assessments or through the presence of more specific health impairments (Easterlin, 2003; Binder and Coad, 2013) . However, subjective well-being apparently also affects health (Blanchflower and Oswald, 2008; Cohen et al., 2003; Zorrilla et al., 2001; Steptoe and Wardle, 2005) , and a large body of empirical evidence seems to indicate that happier people live longer (Howell et al., 2007; Chida and Steptoe, 2008; Veenhoven, 2008; Diener and Chan, 2011; Frey, 2011) . The latter association has been shown in metaanalysis for healthy populations, whereas the evidence for those suffering from ailments has been much more mixed (Chida and Steptoe, 2008) . Theories accounting for a beneficial health effect of happiness argue for direct effects of happiness through direct connections between neuroendocrine, autonomic, and immune systems, more healthy behaviors of the happy, for instance less drug abuse and risk-taking. Alternative explanations argue that indirect effects exist because happiness acts as a buffer to bodily stress response. But these theories seem to find their limit when it comes to concrete debilitating diseases. While it might be the case that a cheerful disposition will make the hardship of illness more bearable for the individual, few studies can provide evidence that a person's chances of surviving serious illnesses are enhanced by their subjective well-being (but see Howell et al., 2007) . Apart from better understanding interaction effects between well-being and concrete health impairments (Pressman and Cohen, 2005; Steptoe and Wardle, 2011) , it is also important to account for health at baseline, which often leads to survival effects of well-being turn insignificant (Wiest et al., 2011; Liu et al., 2015) .
The present paper has set out to explore this happinesslongevity nexus in more detail. We analyzed this relationship with the help of a large-scale survey of the British populace, taking specific health impairments and baseline health into account. Accordingly, the analysis did not rely on subjective health assessments that might be driven by the same systematic factors that also affect assessments of life satisfaction. Also departing from most of the earlier work, the above analysis has paid attention to the distinction between pre-and post-illness well-being, thus addressing the problem of simultaneity bias regarding the two variables of interest and their interaction.
We did not find strong evidence for any statistically significant effect of subjective well-being on surviving a number of concrete health impairments. Some health impairments are associated with reduced survival (i.e. earlier death) in our data set (e.g., cancer, chest pains, diabetes), and subjective well-being is associated with increased survival. However, virtually no significant interaction effects can be found consistently across models (with the exception of cancer), and no systematic impact of SWB on survival in general is obtained when lagged values of well-being are used. Alternative model specifications likewise do not suggest that the chances of surviving the respective impairments are affected by subjective well-being. This finding of no effect is robust to using a different measure of well-being (GHQ-12) and to using variations of lagged well-being measures (up to three-year averages of preillness life satisfaction) or incorporating personality trait variables into the models.
Overall, we cannot conclude that happiness increases the odds of surviving serious illnesses: our results suggest that even the general effect of life satisfaction on survival might be due mostly to endogeneity, and there is no reduction in the mortality effect of illness. We hasten to add that absence of evidence should not be interpreted as evidence of absence but given the large data set and the general cross-section of the British population that it represents, our results reinforce recent insights (Liu et al., 2015; Wiest et al., 2011; Pressman and Cohen, 2005 ) that future research should pay more attention to endogeneity and more objective health measures when considering the happiness-longevity relationship.
Appendix A.
See Table A1,Table A2, Table A3, Table A4 16 We have also taken up the suggestion of a reviewer to control for ethnicity and hence increase the external validity of our results, but an ethnicity dummy was not statistically significant in any of the models. To be fair, most of our sample simply consists of white British individuals (97%), something that limits our study but cannot be addressed here any further.
Table A1
Descriptive statistics (means) by health impairment.
(1) all (2) arms (3) sight (4) hearing (5) allergy (6) chest (7) heart (8) stomach (9) diabetes (10) anxiety (11) drugs (12) epilepsy (13) migraine (14) other (15) (1) all (2) arms (3) sight (4) hearing (5) allergy (6) chest (7) heart (8) stomach (9) diabetes (10) anxiety (11) drugs (12) epilepsy (13) migraine (14) other (15) Table A4 Discrete model specification (cloglog model). Health conditions and interactions with (lagged) life satisfaction, where life satisfaction is coded as dummy (low = 1, 2, 3, high = 6, 7 and base category medium = 4, 5). Hazard ratios. Full set of covariates used in estimations but not depicted here. Interaction term for drugs omitted due to low cell numbers. z statistics in parentheses. Cluster-robust standard errors (clustered on individual).
(1) full (2) 
